Abstract The characteristics of frozen rice cakes after thawing them using different methods, such as standing at room temperature (NT), running water (RWT), pan-grill (PT), steam (ST), microwave (MWT), and superheated steam thawing (SHST), were compared. Frozen rice cakes treated by MWT or SHST showed the shortest thawing time of 3 min. The MWT treatment showed the largest thawing loss, while the ST treatment showed the highest moisture content. The ST, RWT, and MWT treatments showed the highest water activity values. The NT treatment exhibited the highest hardness values, whereas the ST treatment showed the lowest values, possibly due to the adverse effects of high temperature on them. Sensory evaluation showed differences in appearance, moistness, and tenderness according to the thawing method, but there was no significant difference in overall acceptability. This study suggests that the qualities of frozen rice cakes varied depending on the different thawing methods.
Introduction
The industrialization, urbanization, and globalization of modern society have ushered in various changes, including altered food consumption patterns. These days, people dine out more frequently than they did before, and the demand for convenient food requiring a minimal cooking process is continually increasing.
Home meal replacement (HMR) is defined as ready-toeat food that can be consumed after heating or precooked foods that partially need to be cooked at home (Chung and Lee, 2007) . The size of the domestic HMR market has increased by 35.3% in 2017 compared to the previous year, reaching to 2 trillion KRW (aT, 2016) . Recently, the types of HMR foods have diversified. For instance, the consumption of rice cake, which is a suitable dessert, is increasing . Dduk is Korean traditional rice cakes made with rice flour by steaming, boiling or frying. Rice cake is a popular dessert and can be consumed as a convenience food. Recently, studies on rice cakes have been focused on manufacturing techniques or freezing methods to inhibit retrogradation and minimize changes in food quality during storage (Han et al., 2012; Lee et al., 2017) .
A type of steam-cooked rice cake, Garaedduk, is the most widely consumed rice cake in Korea. Garaedduk is the main ingredient of Tteokguk (sliced rice pasta soup), a traditional item during festivals, and Tteokbokki (stir-fried rice cake), a popular street food (Ahn, 2009; Byun, 2014; Kang et al., 2012; Kim and Shin, 2004) . Rice cakes contain the nutritional value of a single meal, and are thus a highly promising food product in the Korean market (Yoon and Oh, 2014) . However, the main component of rice cakes, starch, undergoes gradual retrogradation with subsequent deterioration in texture and flavor . In Su-Kyung Ku and Jung-Sun Hong have contributed equally to this work.
general, retrogradation of starch is influenced by various factors: the specific type of starch, its concentration, the ratio and structure of amylose and amylopectin, storage condition, moisture condition, and additives (Kum et al., 1995) . Previous studies of rice cakes have mostly focused on the effect of additives or cooking methods on starch retrogradation, including saccharides (Baker and RayasDuarte, 1998) , dietary fibers (Kang et al., 1997) , emulsifiers (Mun et al., 1996) , and enzymes (Song and Park, 2003) .
The current market is now distributing ready-to-eat or semi-prepared rice cakes, which can be franchised. Thus, after processing, rice cakes are deep-frozen before delivery to the franchise stores or vendors, where they are thawed before selling to customers. Thawing of frozen food takes more time than freezing because of differences in thermal conductivity and diffusion between ice and water. This indicates that the quality of frozen food products is influenced more greatly by the thawing process than by the freezing process (Hong et al., 2007; Zhu et al., 2004) . To thaw food products, air, liquid, or steam can be used to transfer heat from the surface to the center of the food. Recently, microwave thawing has become more popular, as it ensures heat transfer to the interior of a food in a uniform manner within a short period of time in a simple manner (Cho and Park, 2009) . Microwave devices are still evolving to ensure more uniformity in cooking, higher energy efficiency, and a shorter length of cooking time. Among such devices, superheated steam has gained attention for improving food quality (Takashi, 2005) . Superheated steam has been mainly used to maintain the quality of food products during dehydration or storage. Superheated steam is suggested to reduce the heating time, rendering the food surface crispy and golden with low levels of lipid contents (Kim et al., 2008; Sila et al., 2005) . This method is also effective in microbial sterilization, which extends the food shelf-life, and in suppressing browning attributable to vitamin C and lipid oxidation by preventing air contact. Thus, it is important to investigate the effects of different thawing methods on frozen rice cakes, not only to determine the quality of rice cakes, but also to analyze the cost of thawing loss and the time required for the thawing process.
Therefore, this study investigated the quality of Garaedduk rice cakes, which were thawed using various methods: standing at room temperature (NT), running water (RWT), pan-grill (PT), steam (ST), microwave (MWT), and superheated steam thawing (SHST). This study expected to find a suitable thawing method that prevents the loss of rice cake quality. The study also aimed to provide a straightforward method, which can be widely adopted in industries globally, to produce rice cakes in large quantities.
Materials and methods

Manufacturing process for Garaedduk
Garaedduk used in the present study was manufactured according to the method described by Park et al. (2011) . The non-glutinous rice grains (cultivar, Illmi) used in this study were obtained from a local mart. The grains were washed three times in water, immersed in water for 3 h, and drained for 30 min. The rice grains were ground into a powder using a blender (LJ-1000, hibell, Hwaseong, Korea). The ground rice powder was passed through a 20-mesh sieve. The manufacture of Garaedduk involved 20 min of re-sifting the rice powder on a loose sieve while pouring water over it, followed by 20 min of steam-cooking, after the heat was dissipated for additional 10 min. The steam-cooked rice batter was injected into a juicer (NJE-3570, NUC, Daegu, Korea) to form Garaedduk. Garaedduk (dimension: 2.8 cm) was cooled at room temperature (25°C) for 3 h and then packaged it in a 0.2-mm PE film. The moisture content, water activity, and color (L, a, b Hunter scale) of Garaedduk were measured before freezing with values of 48.52%, 0.999, and 71.85, -1.72, and 5.95, respectively. After packaging, Garaedduk was stored in a -20°C electric magnetic refrigerator (KBL-126DY-4D, Panasonic, Osaka, Japan) for 7 days.
Thawing methods
Garaedduk from the refrigerator was thawed using different methods: NT (incubator, 25°C), RWT (running water, 25°C), ST (HY-2004-L, Hanyang, Gyeonggi, Korea, 120°C) , PT (LC-81, L'equip, Gyeonggi, Korea, 120°C), MWT (RE-551B, 2450 MHz, 200 W, Samsung, Gyeonggi, Korea) , and SHST (oven 160°C, steam 400°C, DFC-240W, Naomoto, Osaka, Japan). After thawing, the samples were left at room temperature (25°C) until the temperature at the center reached 25°C using a connecting fiber optic temperature sensor, and the physicochemical properties and sensory properties were then evaluated. Temperature sensor was used with a data logger (176T4, Testo, Germany) and a thermocouple (NiCr-Ni thermocouple, SEF GmbH, Germany). Temperature sensor was connected to central of sample before freezing. The thawing test was conducted in triplicates for each thawing method.
Thawing loss
According to specific methods of thawing, thawing loss is measured for frozen sample until the temperature in center of sample reaches at 25°C, after which thawing loss is calculated by following formula.
Thawing loss % ð Þ ¼ weight before thawÀweight after thaw ð Þ = f weight before thawg Â 100
Moisture content
Moisture content (%) was measured using the AOAC method (2000) . One gram of sample was dried using the atmospheric pressure drying method (SW-90D, Sang Woo Scientific Co, Bucheon, Korea).
Water activity (a w )
Sliced sample (2 9 2 9 2 cm) was put into a holding cup and a w was measured using the water activity meter (Novasina, Labmaster-aw, Lachen, Switzerland).
Degree of retrogradation
The degree of retrogradation was measured by the aamylase-iodine method with modification of Tsuge and Hishida method (Tsuge et al., 1990) . The method used in this study determined the starch portion complexed with iodine, which was not digestible by a-amylase (EC 3.2.1.1 Type II-A from Bacillus spp., 873 units/mg solid, Sigma, St. Louis, MO, USA). A quantity of Korean rice cake (250 mg) was dissolved in 50 mL of distilled water and homogenized for 3 min using Ultra-turrax (Model No. T25, Janken & Kunkel, Germany). a-amylase (7 units) was dissolved in 5 mL of the homogenized solution. Distilled water (3 mL) and 0.1 M phosphate buffer (2 mL) were added and placed in a shaking water bath at 37°C for 10 min. After 5 mL of the homogenized solution was added in 3 mL of distilled water and then 0.1 M phosphate buffer 2 mL, 7 units a-amylase solution (EC 3.2.1.1 Type II-A from Bacillus spp., 873 units/mg solid, Sigma, USA) were added, and incubated in a constant temperature water bath for 10 min at 37°C. After 4 N NaOH solution (5 mL) was added to stop the enzymatic reaction, the solution was adjusted to 4 N HCl and total volume of 100 mL by adding distilled water. Ten milliliters of this solution was reacted with 5 mL of iodine reagent (0.2% I 2 , 2% KI, w/v) and kept at room temperature(25°C) for 20 min. Absorbances were measured using a spectrophotometer at 625 nm. The degree of retrogradation was calculated using the following equation:
a: absorbance of total starch fraction; b: absorbance of starch fraction after enzyme reaction; c: absorbance of starch fraction after completely decomposed by enzyme reaction.
Color
Using a colorimeter (Chroma meter, CR 210, Minolta, Osaka, Japan), surface color of samples was determined. L-values (lightness), a-value (redness), and b-value (yellowness) were measured, and the color value of the calibration plate was: L-value (97.83), a-value (-0.43), and b-value (1.98).
pH
Five grams of thawed sample was homogenized with 50 mL of distilled water at 8000 rpm by Ultra-turrax (Model NO. T25, Janken & Kunkel, Germany), and pH was measured using a pH meter (Model 340, MettlerToledo, Switzerland).
Texture profile analysis
Texture of the sliced sample (2 9 2 9 2 cm) was measured using a texture analyzer (TA-XT2i, Stable Micro Systems Ltd., Surrey, England). The thickness of sample was adjusted such that it was uniform and placed parallel to the center of the plate. A two-bite compression test was used to calculate the hardness (kg), adhesiveness, springiness, cohesiveness, gumminess (kg), and chewiness (kg) of the sample. The analysis was performed at maximum load 2 kg, head speed 2.0 mm/s, post-speed 1.0 mm/s, deformaion rate 30%, probe (u20 mm cylinder probe), distance 8.0 mm, and force 5 g.
Sensory evaluation
Sensory characteristics were evaluated by selecting 15 panelists and their preferences of the thawing methods. The rice cake was sliced into 2 9 2 9 2 cm. The evaluation was conducted by the 9-point scale method in terms of appearance, degree of moistness, taste, degree and preference of the texture, and overall acceptability. The degree of likelihood was rated on a scale of 1-9 with 1 being very hard and 9 being very moist and soft. The degree of acceptability was also expressed on a scale of 1-9, with 1 being very bad and 9 being very good.
Statistical analyses
Each measurement of the physical characteristic was conducted in triplicate, and subjected to statistical analysis to obtain mean values within the triplicates. To determine significance of the observed differences among the thawing methods, statistical analyses was performed using the general linear model (GLM) procedure of the Statistics Analytical System (SAS) program (version 9.12, SAS Inst., Inc., Cary, NC, USA) (p \ 0.05). Duncan's multiple range test (p \ 0.05) was used to determine the differences between treatment means.
Results and discussion
Temperature changes in Garaedduk
Changes in the temperature of Garaedduk after applying the different thawing methods are showed in Fig. 1 . The MWT and SHST treatments required only 3 min for thawing until the interior of the rice cake reached 25°C, followed by 6 min for the ST treatment, 15 min by the PT treatment, 137 min by the RWT treatment, and 211 min by the NT treatment. The SHST treatment exhibited the fastest rate of 17.70°C/min, while SHST or MWT treatments (13.48°C/min) showed approximately 70-fold faster thawing rate compared to the NT treatment (0.18°C/min). General thawing proceeds from the surface of the food products, followed by slow transfer towards the center (Kum et al., 1998) . In contrast, microwave thawing allows rapid heat transfer due to the unique property of microwaves, which can penetrate into the center of the food products and release heat, reducing the thawing time (Tong et al., 1993) . In the present study, the thawing methods showed variation in thawing times, because of differences in specific heat transfer rate within the thawing methods.
Freeze-thaw stability of Garaedduk
The thawing loss of Garaedduk from various thawing methods is shown in Fig. 2 . The largest thawing loss was observed after the MWT treatment (11.46%), followed by those after the SHST (6.79%) and PT treatments (4.83%).
Smaller thawing values were recorded for RWT (3.71%) and NT (2.47%). It was noted that ice crystals formed during the freezing process of food products were prone to hamper freeze-thaw stability and water-holding capacity, leading to thawing loss (Lee and Park, 1999) . Thawing loss value is an important quality indication as it decreases their water-soluble nutritional components as well as it negatively influences the physicochemical and sensory properties of food products Xu et al., 2014) . It was reported that the value of syneresis (percent of water separation) decreased as the frozen rice flour gel was thawed in a water bath at high temperatures (90°C \ 60°C \ 30°C) or boiled in a microwave (Varavinit et al., 2002) . In that case, the frozen rice flour gel was thawed in a sealed container, making the overall content more intact during the thawing process. However, the thawing loss values in this study appeared to be consistent with the results of thawing rate (Fig. 1) . The high rank of MW, SHST, and PT in thawing rate showed large values of thawing loss, except for ST. The large thawing loss after MW, SHST, and PT is thought to be due to uneven distribution of water molecules throughout the Garaedduk sample. These thawing processes were terminated only within minutes until the internal temperature of the sample reached 25°C by exposing the material to a high temperature (120°C for PT and 160°C for SHST). This might remain some regions near to surface of the sample readily dried, and some inner parts of the sample moist, resulting in overall decrease in the intact material. MW has been also suggested to cause localized overheating (Li and Sun, 2002) . It can be also thought that the rate of drying would exceed the rate of temperature rise during the thawing process. This might be the case observed by the sample in SHST. It was reported that the rate water evaporation in superheated steam is higher than in dry air (Chu et al., 1953) , which makes this type of steam possible to be used as a powerful drying medium (Moreira, 2001) . A negative value of thawing loss was observed for ST treatment (-5.05%), which indicates an increase in the weight from the original sample weight before freezing. This is attributed to resorption of water under the moist condition while the internal temperature increased to the final temperature. Thus, the present study suggests that different thawing methods led to variation in freeze-thaw stability.
Moisture content and water activity of Garaedduk
The moisture content and water activity of Garaedduk after different thawing methods are shown in Table 1 . In the present study, rice cakes differed in their moisture content after using various thawing methods, although this value was less than 50% for all the tested methods. The highest moisture content value was 49.63% in the NT treatment, but this value was not significantly different from those observed after the ST and RWT treatments. Compared to other treatments, the PT and SHST treatments showed lower values of 45.16 and 45.52%, respectively. The values of moisture content appeared to be somewhat negatively correlated with the values of thawing loss (Fig. 2) , suggesting that the thawing loss is mostly due to loss of moisture. During thawing, thawing loss resulted in cells releasing moisture, thereby lowering the moisture content and water activity concurrently. For water activity, the NT, RWT, and MW treatments exhibited relatively high values between 0.993 and 0.997, but were not significantly different. However, MW sample showed a significantly higher value than PT in moisture content and higher than ST and SHST in water activity, despite the great thawing loss observed in Fig. 2 . This may indicate that the MW treatment produce a thawed Garaedduk in which water molecules were less uniformly distributed compared to the other thawing methods. The sample from ST showed low water activity comparable to that from SHST, although the moisture content of ST sample was as high as the value of NT sample. This result corroborates water reabsorption during ST process, which was discussed by the negative value of thawing loss for ST sample. 
Degree of retrogradation of Garaedduk
The degree of retrogradation of Garaedduk after different thawing methods differed, as described in Table 2 . The highest degrees of retrogradation was observed for the MWT and SHST treatments were 14.94 and 14.74%, respectively (p \ 0.05), followed by the PT. NT, ST, and RWT treatments. The MWT and SHST treatments, which showed high degrees of retrogradation, also exhibited larger thawing loss and lower moisture content, indicating a correlation between the degree of retrogradation and thawing loss and moisture content. Several studies have reported that structural changes in products were induced by the loss of moisture accompanied by weight loss upon dry heating (Berglund and Hertsgaard, 1986; Son et al., 1997) . The results of MWT, SHST, and PT treatments suggest that starch structures were changed by the great extent of thawing and moisture loss in a way that increased non-digestible starch toward a-amylase activity.
pH and color of Garaedduk
The pH and color of Garaedduk after thawing methods are described in Table 3 . The pH values obtained for all treatments were 6.33-6.37, with no significant differences among treatments. The pH of rice cakes has been reported to affect its qualities such as storage and textural properties (Shin and Park, 2007) . However, the results of this study revealed that the thawing methods did not affect the pH of rice cakes. In contrast, lightness was higher in the ST and MW treatments within the range of 73.81-75.47, while the SHST and PT treatments showed lower values in the range of 70.14-70.87. Redness was higher in the SHST and ST treatments within the range of -2.32 to 2.39. Yellowness was significantly higher in the PT and SHST treatments, with respective values of 4.17 and 4.49. In the current study, the PT and SHST methods exhibited lower lightness and higher yellowness in color, because they involved dry heat, which grilled the surface of the rice cakes.
Textual properties of Garaedduk
The textual properties of Garaedduk, including hardness, adhesiveness, springiness, cohesiveness, and chewiness, differed after the different thawing methods, as shown in Table 4 . The NT treatment showed the highest hardness value of 1.21 kg (p \ 0.05), while the ST treatment showed the lowest hardness value of 0.65 kg. The values obtained from the other treatments ranged between 0.79 and 0.89 kg and were not significantly different from one another. For adhesiveness, the values were -638.86 to -904.90, with no significant differences among the thawing methods. For springiness, the NT treatment showed the highest value, although there was no significant difference compared to the other treatments, except for the RWT treatment, which was lower than others. For cohesiveness, the SHST treatment showed the lowest value of 0.86, while the other treatments shared the value of 0.90 with no significant differences among treatments. For chewiness, the NT treatment showed the highest value of 1.01 kg, while the ST treatment showed the lowest value of 0.54 kg, thus exhibiting a similar trend with hardness. The close relationship between hardness and chewiness seems reasonable, since chewiness was determined by taking the hardness values into account. Overall, the NT thawing process appeared to produce a Garaedduk with higher values of hardness and chewiness. Lee (1989) compared the hardness of glutinous rice cakes after thawing over time. He reported that the rice cakes thawed in a room temperature required a longer time than those in an electric rice cooker or a microwave to recover the original state of textual properties of a freshly prepared rice cake. This implies that the NT sample might need longer time to recover their original hardness and chewiness properties, even though the sample was thawed until the internal temperature increased up to room temperature. Increase of hardness is also manifested in storage of starch-based food products due to starch retrogradation (Lee et al., 1983) . It is also plausible that aging of Garaedduk proceeded to a certain extent during the long length of NT process (210 min), enhancing hardness of the sample. However, starch retrogradation involved in hardening the NT sample would be more likely to be reversible considering the low degree of retrogradation determined enzymatically ( Table 2 ). The low value of either hardness or chewiness for ST is in line with a great retention of moisture content and possible reabsorption of water into the sample during ST treatment ( Fig. 2 and Table 1 ). 
Sensory properties of Garaedduk
Sensory properties of Garaedduk after thawing methods were investigated in terms of appearance, moistness, taste, and texture, where moistness and texture were measured in terms of intensity and acceptability (Table 5 ). The NT, RWT, and ST treatments showed a high degree of preservation, but the differences among them were not significant. For moistness, the ST treatment showed the highest intensity, although there was no significant difference in its value, as compared to that observed with the NT and SHST treatments. In terms of acceptability, the ST, NT, and SHST treatments showed higher values, indicating that the higher moistness values were linked to higher acceptability (p \ 0.05). For texture, the ST, NT, RWT, and SHST treatments exhibited higher values of intensity (tenderness), which is similar to the trend of moistness intensity. In terms of acceptability, the thawing methods did not seem to significantly affect the texture. For overall acceptability, there was no significant difference among the different thawing methods. In summary, the impact of thawing methods differed in physical characteristics of frozen Garaedduk. Garaedduk thawed by MW and SHST methods showed a higher thawing efficiency than other thawing methods. However, some deterioration in qualities was observed for these methods in aspects of moisture retention, degree of retrogradation, and color change. A great retention in quality was found in ST, though the thawing rate is much lower than SHST or MW. Thus, application of each thawing method will vary depending on the way to consume Garaedduk products. For example, MW and SHST thawing might have advantages to be applied in a convenient food, as it can cook in a short time and can be consumed immediately after thawing.
